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ARRAYS OF MATERIALS ATTACHED TO A A°w of fluids from the reactor system, selectively activating 

gjjggYl^y£ the translation stage, and selectively iDinninating the sub- 

strate so as to fonn a plurality of diverse polymer sequences 
CROSS REFERENCE TO RELATED on the substrate at predetermined locations. 

APPLICATIONS 5 The invention also provides a technique for selection of 

. linVrr molecules in a very large scale immobilized polymer 
This application is a division of VS. patent #ca&o D (VLSIPS™) method. According to this aspect of 

Scr. No. 0M9OZ72. filed Feb. 16. 1995, now U.S. PaL No. %™ VCR ^ ±c a ^tfaod of screening 

5.489.678. which is a continuation of VS. patent abdication of Hnkcr polymers for use in binding affinity 

Set: No. 07/624.120, filed Dec 6. 1990. now abandoned. w sm ^™ QC ^^Lchidcs the steps of forming a 
which is a continuation-in-part of VS. patent appUcanon ^ !tnVrr on a substrate in selected 

Ser. No. 07/492,462. filed Mar. 7. 1990. now VS Pat No. £ ™£ ^ ^ fanncd b y the steps of recur- 

5.143.854, which is a continuation-in-part of U£. patent ^ on a surfacc of a SDbstrate> irradiating a portion of the 
application Ser. No. 07/362.901. filed Jun. 7, 1989, now sclcctcd rcgioas t0 Kmavc a protective group, and contact- 
abandoned and hereby incorporated heron by reference tor ^ ^ surface with a monomer; contacting the plurality of 
all purposes. This application is also a cont^uation-Ln^part ^ a and ^cuting mc ligand with 

of U.S. patent application Ser No. 08/456.887 t filed Jon. 1. & ubeled receptor 

1995, which is a division of VS. patent action Set No. Accorf ^ to tt0thcr ajpcct of the invention, improved 
07/954.646. filed Sep. 30 1992, now VS PaL Na5.445, ^SEhle frotc ^ v J ^ ps « provided. According 
934. which is a division of U£ patent appUcation Ser. Na ^ £ of^mventioTa compound having the 

07/850356. filed Mar. 12, 1992, now U.S. PaL No. 5,405, ^ 
783. which is a division of U.S. patent application Ser. Na 

07/492,462, filed Mar. 7. 1990, now U.S. PaL Ser. Na Rj ^ 

5,143,854. which is a continuation-in-part of US. patent nil 
application Ser. No. 07/362,901 filed Jon. 7, 1989, now ^ jj^ V^xVx 11 

abandoned Y^V 0 / . | f ) I 

This appUcation is also related to VS. patent appUcation R i^x^>^ 
Ser No. 08/670,1 18 filed Jun. 25, 1996, which is a division J 
of U.S. patent appUcation Scr No. 08/168,104, filed Dec 15, 
1993, which is a continuation of U.S. patent application Ser M 

Na 07/624.114, filed Dec. 6, 1990. now abandoned and wherein n=0 or 1; Yis selected from the group consisting of 
U.S. patent application Ser No. 07/626.730, filed Dec, 6. ^ oxygen of the carboxyl group of a natural or unnatural 
1990. now U.S. PaL No. 5.547.839, and also incorporated imim acid an amino group of a natural or unnatural amino 
herein by reference for all purposes. acid or the C-5' oxygen group of a natural or unnatural 

33 deoxyribonucleic or ribonncleic add; R 1 and R 2 i&depen- 
COPYRIGHT NOTICE <lcoti y are a hydrogen atom, a lower alkyL aryL bcnzyL 

A portion of the disclosure of this patent document halogen* hydroxyL alkcxyU thic^n^c<lh^a^o,^ro 
comau^Lterial which is subject to cop£ght protection. carboxyL formate, formanndo suifidojr I^j^ra 
£e copyright owner has no^jecti^Vthe facsirnile and R> is j alkoxy, alkyL aryL hydrogen, or atony! group 

renroduction by anyone of the patent document or me patent « i* provided 

K«« as it appears in meVa*nt and Trademark Office invention **Pf^J^^ 

ptttt flfe or n^dTbrt otherwise reserves all copyright fat* Accc^tooae 

\7 ~T aspect of the masking technique, the invention provides an 

nghts whatsoever. ^ farming a pi^ry of polymer 

BACKGROUND OF THE INVENTION 43 sequences by sequential addition of reagents comprising the 

step of serially protecting and deprotecting portions of the 

The present invention relates to the field of polymer plurality of polymer sequences for addition of other portions 

synthesis. More specifically, the invention provides a reactor ^ ^ polymer sequences using a binary synthesis strategy, 

system, a masking strategy, photccernovable protective improved data collection equipment and techniques are 

groups, data collection and processing techniques, and appli- x aiso p tov # c ± According to coe embodiment, the instru- 

catioQs for light directed synthesis of diverse polymer notation provides a system for determining afi&nity of a 

sequences on substrates. receptor to a ligand comprising: means for applying light to 

o,™..™ fvrr tttt? TxrLrrrxrrrrMo a surface of a substrate, the substrate comprising a plurality 

SUMMARY OF THE INVENTION of ligands at predetennm^ 

Methods, apparatus, and ccmnxwrnons for synthesis and 33 ing simultaneous ilhmriaation at a plurality of the prcdeter- 

ase of diverse polymer sequences on a substrate are mined locations ; and an array of detectors for detecting light 

disclosed as well as applications thereof. fluoresced at the plurality of predetermined locations. The 

According to one aspect of the invention, an unproved invention further provides for improved data ^fV**- 

reactor system for synthesis of diverse polymer sequences niques including the steps of exposing fluoracenuy UWJ<^ 

on a substrate is rxovided According to this cinbodiment the 60 receptors to a substrate, the substrate compnsmg a pluranty 

invention provides for a reactor for contacting reaction fluids of Uganda in regions at known locations; at a plurality of 

to a substrate; a system for delivering selected reaction fluids data collection points within each of me regions, 

to the reactor, a translation stage for moving a mask or ing an amount of light fluoresced from the data collection 

substrate from' at least a first relative location relative to a points; removing the data collection points deviating from a 

sccoDd relative location; a tight fc* illiirmnating the substrate 63 predetermined statistical distribution; and d rtmnining a 

through a mask at selected times; and an appropriately relative binding affinity of the receptor to remaining data 

programmed digital computer for selectively directing a collection points. 
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Protected amino tad N-arboxy anhydrides for use in B. Binary Synthesis Strategy 
polymer synthesis are also disclosed. According co this 1- Example 

aspect the invention provides a compound having the for- 2. E xa mp le 

nmla: 3. Example 

5 4. Example 

5. Example 

6. Example 
C Linker Selection 
D. Protecting Groups 

10 1. Use of Photoremovable Groups During Solid-Phase 
g ^ 0 Synthesis of Peptides 

2. Use of Riotore movable Groups During Solid-Phase 
Synthesis of Oligonucleotides 

where R is » side chain of a natural or unnatural amino and o ^ Protected with a 

and X is a photoremovable protecting group. is p notoremovible Group 

A further understanding of the nature and advantages of _ ^Collection 

the inventions herein may be realized by reference to the • 

reining portions of the specification and the attached A. Data Collection System 
drawings. B. Data Analysis 

20 V. Other Representative Applications 
BRIEF DESCRIPTION OF THE DRAWINGS a. Oligonucleotide Synthesis 

FIG. 1 schematically illustrates light-dffected spatially- y}'SS^a 
addressable parallel chemical synthesis; 

FIG. 2 schematically illustrates one example of light- ^ L DEFINXnONS 

directed peptide synthesis; Certain terms used herein are intended to have the fol- 

FIG. 3 is a three-dimensional representation of a portion lowing general definitions: 

of the checkerboard array of YGCTL and(PGGFL; j Complementary: 

FIG. 4 schematically illustrates an automated system for Refers to the topological compatibility or matching 

synthesizing diverse polymer sequences; 30 together of interacting surfaces of a ligand molecule and its 

FIGS 5a and Sb illustrate operation of a program for receptee Thus, the receptor and its ligand can be described 

Jy^syfceais; « complementary, and furthermore, the contact surface 

'^^^^ib^^uA^m^^^^y^ . characteristic, 

binary masking strategy. 3J ' The'p^on of an antigen molecule which is delineated by 

FIGS, la and lb are a schematic illustration of a gray code ^ in£fflction ^ ^ subciaAS 0 f receptors known 

binary masking strategy; M antibodies. 

FIGS. 8a and 9b are a schematic illustration of a modified 3 

gray code binary masking strategy; A ligand is a molecule that is recognized by a particular 

FIG. 9a schematically illustrates a masking scheme for a 40 receptor: Examples of ligands that can be investigated by 

four step synthesis; this invention include, but are not restricted to, agonists and 

FIG 96 schematically illustrates synthesis of all 400 antagonists for cell irxmbrane receptors, toxins and venoms, 

neotide darners- viral epitopes, hormones, hormone receptors, peptides, 

H=IG 1# is a coordinate map for the ten-step binary enzymes, enzyme substrates, cofactors, drugs(e.g. opiated 

riu. i* is a cwxaiMic u-f ^ 43 steriods, etc), lectins, sugars, oligonucleoades. nucleic 

IVIltheu3; acids oUffosaccharides, proteins, and monoclonal antibod- 

FTG. U schematically illustrates a data collection system; 0 

FID. 12 is a Week diagram iUastrating the architecture of 4 Monomer 

the data coUection system; a member of the set of small molecules which can be 

FIG. 13 is a flow chart illustrating operation of software 50 joined together to form a polymer. The set of monomers 

for the /4 * ta collection/analysis system; and includes but is not restricted to, for example, the set of 

FKj 14 illustrates a three-^liinensional plot of intensity common L-amino acids, the set of D-amino acids, the set of 

vtnusposition for light directed synthesis of a dinucleotide. synthetic amino acids, the set of nucleotides and the set of 

pwwwn *« 7 pentoses and hexoses. As used herein, monomers refers to 

DESCRIPTION OF THE PREFERRED 53 any member of a basis set for synthesis of a polymer. For 

EMBODIMENTS example, dimers of the 20 naturally occurring L-amino adds 

form a basis set of 400 monomers for synthesis of polypep- 

CONTENTS tides Different basis sets of mooomers may be used at 

L Definitions successive steps in the synthesis of a polymer. Furthermore, 

IL General w 0 f the sets may include protected members which are 

Deprotection and Addition modified after synthesis. 

1. Ft ample 5. Peptide: 

2. Example A polymer in which the monomers are alpha amino acids 
B. Antibody recognition and which are joined together through amide bonds and 

1. Example « alternatively referred to as a polypeptide. In the context-of 

HL Synthesis this specification it should be appreciated that the amino 

A. Reactor System acids may be the L-optical isomer or the Doptical isomer. 
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Peptides arc often two or more amino acid monomers long. e) Catalytic Polypeptides: 

and often more than 20 amino acid monomers long. Stan- Poryroen. preferably polypeptides, which are capable 

dard abbreviations for amino acids are used (e.g.. P for of promoting a chemical reaction involving the coo- 

proline). These abbreviations are included in Stryer. version of one or more reactants to one or more 

-jBttWiny.ThWEd.^^ 3 products. Such polypeptides generally include a 

by reference for ail purposes. binding site specific for at least one reactant or 

6. Radiation: reaction intermediate and an active functionality 
Energy which may be selectively applied including proximate to the binding site, which functionality is 

energy having a wavelength of between HT 14 and 1CT capable of chemically modifying the bouDd rtacunL 

meters including, for example, electron beam radiation. 1Q Catalytic polypeptides are described in. for example, 

g am™ radiation, x-ray radiation, ultraviolet radiation, vis- U-S. PaL No. 5.215.899. which is incorporated 

ible light, infrared radiation, microwave radiation, and radio herein by reference for all purposes, 

waves- "Irradiation" refers to the application of radiation to q Hormone receptors: 

a surface. Examples of hormones receptors include, eg., the 

7. Receptor. 15 receptors for insulin and growth hormone. Determi- 
A molecule that has an affinity for a given ligand. Recep- nation of the ligands which bind with high affinity to 

tors may-be namraHy-ocarrri ng or manmade molecules. a receptor is useful in the development of, for 
Also, they can be employed in their unaltered state or as example, an oral replacement of the daily injections 
aggregates with other species. Receptors may be attached. which diabetics must take to relieve me symptoms of 
covalently or noncovalently, to a binding member, either ^ diabetes, and in the other case, a replacement for the 
directly or via a specific binding substance. Examples of scarce human growth hormone which can only be 
receptors which can be employed by this invention i nr lnrtff ) obtained from cadavers or by recombinant DNA 
bat are not restricted to, antibodies, ceil membrane technology. Other examples ire the vasoconstrictive 
receptors, monoclonal antibodies and antiscra reactive with hormone receptors; determination of those ligands 
specific antigenic determinants (such as on viruses, cells or ^ which bind to a receptor may lead to the develop- 
other materials), drugs, polynucleotides, nucleic acids, of drugs to control blood pressure, 
peptides, cofactors, lectins, sugars, polysaccharides, cells, ^ Opiate receptors: 

cellular membranes, and organelles. Receptors are some- Determination of ligands which bind to the opiate 

times referred to in the art as ami-ligands. As the term receptors in the brain is useful in the development of 

receptors is used herein, no difference in meaning is x less-addictive replacements for morphine and related 

intended. A ligand Receptor Pair" is formed when two drugs, 

macromolecules have combined through molecular recog- g Substrate: 

nitioo to form a complex. Other examples of receptors which A m3 i a i 1 \ having a rigid or semi-rigid surface, In many 

can be investigated by this invention include but are not embodiments, at least one surface of the substrate will be 

restricted to: 35 substantially flat, although in some embodiments it may be 

a) Microorqanism receptors: desirable to physically separate synthesis regions for differ- 
Determination of ligands which bind to receptors, such ent polymers with, for example, wells, raised regions, ctrhrd 

as specific transport proteins or enzymes essential to trenches, or the According to other embodiments, small 

survival of nu'eroorganisms. is useful in developing beads may be provided on the surface which may be released 

a new class of antibiotics. Of particular value would ^ npon completion of the synthesis, 

be antibiotics against opportunistic fungi, protozoa, 9 protective Group: 

and those resistant to the antibiotics in ^ m«r^ri»i which is chemically bound to a monomer unit 

current use, and which may be removed upon selective exposure to an 

b) Enzymes: activator such as electromagnetic radiation. Examples of 
For instance, one type of receptor is the binding site of 43 protective groups with utility herein include those compris- 

enzymes such as the enzymes responsible for cleav- jog nitropiperooyL pyrenylmethoxy-carbooyL nitroveratryL 

ing neurotransmitters; determination of ligands nitrobenzyl, dimethyl dimethoxy benzyl, 5-bromo-7- 

which bind to certain receptors to modulate the nitroindolinyl, o-hydroxy-a-methyl cinnamoyl, and 

action of the enzymes which cleave the different 2-axyroethyiene anthriqirinone. 

neurotxijumitters is useful in the development of 50 10. Predefined Region: 

drugs which can be used in the treatment of disorders A predefined region is a localized area on a surface which 

of neurotransmission. is. was, or is intended to be activated for formation of a 

c) Antibodies: polymer. The predefined region may have any convenient 
For instance, the invention may be useful in investi- shape, eg., circular, rectangular, elliptical, wedge-shaped, 

gating me Ugand-binding site 00 the antibody mol- 33 etc For the sake of brevity herein. '^predefined regions" are 

ecule which combines with the epitope of an antigen sometimes referred to simply as "regions." 

of interest; determining a sequence that mimics an 11. Substantially Pure: 

antigenic epitope may lead to the-development of A polymer is considered to be "substantially pure" within 

vaccines of which the immunogen is based on one or a predefined region of a substrate when it exhibits charac- 
more of such sequences or lead to the development 60 teristics that distinguish it from other predefined regions, 

of related diagnostic agents or compounds useful in Typically, purity will be measured in terms of biological 

therapeutic treatments such as for auto-immune dis- activity or function as a result of uniform sequence. Such 

eases (eg., by blocking the binding of the "self* characteristics will typically be measured by way of binding 

antibodies). with a selected ligand or receptor. 

d) Nucleic Acids- 65 12. Activator refers to an energy source adapted to render a 
Sequences of nucleic acids may be synthesized to group active and which is directed from a source to a 

establish DNA or RNA binding sequences. predefined location on a substrate. A primary illustration of 
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in activator is light. Obex examples of activators include ion After deproiectiotL a first of a set of building blocks 

beams, electric fields, magnetic fields, electron beams, x-ray, (indicated by "A" in FIG. 1), each bearing a photolabile 

and the like. protecung group (indicated by "X") is exposed to the surface 

13. Binary Synthesis Strategy refers to an ordered strategy of the substrate and it reacts with regions that were 
for parallel synthesis of diverse polymer sequences by $ addressed by light in the preceding step. The substrate is 
sequential addition of reagents which may be represented by then illuminated through a second mask 4b, which activates 
a reactant matrix, and a switch matrix, the product of which another rcgioo for reaction with a second protected building 
is a produa matrix. A reactant matrix is a lxn matrix of the block "B". The pattern of masks used in these Humiliations 
building blocks to be added- The elements of the switch ^ me sequence 0 f rtactants define the ultimate products 
matrix are binary numbers. In preferred embodiments, a IC ^ mcir 10^00^ resulting in diverse sequences at pre- 
binary strategy is one in which at least two successive steps d£fLncd locations . ^ shown with the sequences ACEG and 
mmninaxe half of a region of interest on the substrate. In BDFH ^ mc lowcr of na h Preferred embodi- 
ment preferred embodiments, binary synthesis refers to a mcnts f ^ ^ advantage 0 f combinatorial 
synthesis strategy which also factors a P^o^a<^aon to form a Urge number of compounds in 
step. For example, a strategy in which a switch matrix for a _ 6 ** . . . 

maa^^ategy halves regions that were previously " a small number of chemical steps. 

^^LT^i^g aboE half of the previously ai* a A high degree of minia^on is possible because^ the 

mm*edretf on and protecting the remaining half (while also density of compounds * determined largely with regard to 

protectiiig^bom half of previously protected regions and spatial addressability of the activator, in one case the dif- 

fllmSaaSig about half of previously protected regions). It fraction of light Each compound is physically accessible 

will be recognized that binary rounds may be interspersed 20 and its position is precisely known. Hence, the array is 

with non-binary rounds and that only a portion of a substrate sparially-addressaWe and its interactions with other mol- 

may be subjected to a binary scheme, but will still be ecules can be asses s ed 

considered to be a binary mmfcing scheme within the In 1 particular embodiment shown in FIG. 1, the substrate 

definition herein. A binary "masking" strategy is a binary contains amino groups that are blocked with a photolabile 

synthesis which uses light to remove protective groups from 23 protecting group. Amino acid sequences arc made accessible 

m ^T ' 1 ^ for addition of other mafrriali such as amino acids. coupling to a receptor by removal of the photoccotectrve 

In preferred embodiments, sel ect ed columns of the switch groups. 

matrix are arranged in order of increasing binary numbers in When a polymer sequence to be synthesized is, for 

the columns of the switch matrix. example, a polypeptide, amino groups at the ends of linkers 

14. Linker refers to a molecule or group of molecules x attAchc d to a glass substrate are derivatued with nitrovera- 
attached to a substrate and spacing a synthesized polymer ^o^carbonyl (NVOQ, a photoremovable protecting 
from the substrate for ex|»ure/binding to a receptor. Tfac HnWr ^o^cules may be. for example, aryl 

IL General acetylene, ethylene glycol oligomers containing from 2-10 
The present invention provides synthetic strategies and monomers, diam i n e s , diacids. amino acids, or combinations 
devices for the creation of large scale chemical diversity. 35 thereof. Fhotodeprotection is effected by illumination of the 
Solid-phase chemistry, photolabile protecting groups, and substrate through, for example, a mask wherein the pattern 
photolithography are brought together to achieve light- has transparent regions with dimensions of. for example, 
directed spatially-addressable parallel chemical synthesis in less than 1 cm 2 , KT 1 cm 2 , 1CT 2 cm 2 . 10" 3 cm 2 , 10"* an 2 , 
preferred ernbodimcnts. 10" 3 cm 2 , 1(T* cm 2 , 1(T 7 cm 2 , KT* cm 2 , or 1<T 10 an 2 . In 
The invention is described herein for purposes of illiis- < a preferred embodiment, the regions are between about 
tration primarily with regard to the preparation of peptides 10x10 urn and 500x500 Jim. According to some 
and nucleotides, but could readily be applied in the prepa- embodiments, the masks are arranged to produce a check- 
ration of other polymers. Such polymers include, for erboxrd array of polymers, although any one of a variety of 
example, both and cyclic polymers of nucleic acids, geometric configurations may be utilized, 
polysaccharides, phospholipids, and peptides having either *S 1. Example 

a-, {k or a>amino acids, heteroporymers in which a known In one example of the invention, free amino groups were 

drug is covalentry bound to any of the above, polyurethanes. fluorescentry labelled by treatment of the entire substrate 

polyesters, polycarbonates, polyureas, polyamides. surface with fluorescein isothiocytute (FTTQ after photo- 

polyemyleneimines. polyarylene sulfides, polysfloxancs. ©^protection. Glass nucroscope slides were cleaned, ami- 

polvinudes polyacetates. or other polymers which will be 50 natedby treatment with 0.1% arjimopropyltriemoxy silane in 

apparent uw» review of mis disclosure. It will be recog- 95% ethanol. and incubated at 110° C for 20 min. The 

niied further, that Ohistratious herein are primarily with amfruird surface of the slide was then exposed to t a 30 mM 

reference to C- to N-tenninal synthesis, but the invention solution of the N-hydroxysuccinimide ester of NVOC- 

could readily be applied to N- to C-tenninal synthesis GABA (iutxwcratryloxycarbonyl-T-amino butyric acid) in 

without departing from the scope of the invention. is DMF. The NVOC protecting group was photolytically 

A. Deprotection and Addition removed by imaging the 365 urn output from a Hg arc lamp 

The present invention uses a masked light source or other through a chrome on glass 100 um checkerboard mask onto 

activator to direct the simultaneous synthesis of many dif- the substrate for 20 min at a power density of 12 mW/cm . 

ferent chemical compounds, FIG. 1 is a flow chart illnstrat- The exposed surface was then treated with 1 mMFTXCin 

ing the process of forming chemical compounds according 60 DMF. The substrate surface was scanned in an epi- 

to one embodiment of the invention. Synthesis occurs on a fluorescence rmcroscope (Zeiss Axioskop 20) using 48S ran 

solid support Z A pattern of Elimination through a mask 4c excitation from an argon ion laser (Spectra-Physics model 

using a light source 6 determines which regions of the 2025). The fluorescence emission above 520 nm was 

support are activated for chemical coupling. In one preferred detected by a cooled pbotomiiltipuer (Hamamatsu 943-02) 

entfwdiment activation is accomplished by using light to 65 operated in a photon counting mode. Fluorescence intensity 
remove photolabile protecting groups from selected areas of was translated into a color display with red in the highest 

the substrate. intensity and black in the lowest intensity areas. The pres- 
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ence of a high-contrast fluorescent checkerboard pattern of 
100x100 um elements revealed that free amino groups were 
generated in specific regions by spariallylocalized photo- 
deprotecrion. 

2. EXAMPLE 5 
FIG. 2 is a flow chart iUustrating another example of the 
invention. Carboxy-activated NVOC-leocine was allowed to 
react with -an aminated substrate. Hie carboxy activated 
HOBT ester of leucine and other amino adds used in this 
synthesis was formed by mixing 0.25 mmol of the NVOC to 
amino protected amino acid with 37 mg HOBT 
(1-hyaroxybenzotriazole). Ill mg BOP (benzocriazolyl-n- 
oxy-tris (dimethyl am ino)-phosphoniumnexa- 
fluorophospbate) and 86 ul DIEA(diisopropylethyUmine) in 
2.5 ml DMF. The NVOC protecting group was removed by 15 
uniform illumination. Carboxy-activated NVOC- 
phenylalanine was coupled to the exposed amino groups for 
2 hours at room temperature, and then washed with DMF 
and methylene chloride. Two unmasked cycles of photo- 
deprotection and coupling with carboxy-activated NVOC- 20 
glycine were carried oul The surface was then fflurmnafrd 
through a chrome on glass 50 ul checkerboard pattern mask. 
Carboxy-activated Na-tBOC-O-tBmyl-L-tyrosine was then 
added. The entire surface was uniformly illuminated to 
photolyze the remaining NVOC groups. Finally, carboxy- 25 
activated NVOC-L-proline was added, the NVOC group 
was removed by Humiliation, and me t-BOC and t-butyl 
protecting groups were removed with TFA. After removal of 
the protecting groups, the surface consisted of a 50 um 
checkerboard array of Tyr-Gly-Gly-Phe-Leu (YGGFL) 30 
(Seq. ID No:l) and Pro-Oy-Gly-Fhe-Leu (PGGFLXSeq. ID 
No:2). 

B. Antibody Recognition . 

In one preferred embodiment the substrate is used to 
determine which of a plurality of amino acid sequences is 35 
recognized by an antibody of interest. 

1. EXAMPLE 

In one example, the array of pentipeptidea in the example 
illustrated in FIG. 2 was probed with a mouse monoclonal 
antibody directed against p-ciidorphin. This antibody (called 40 
3E7) is known to bind YGGFL and YGGFM (Seq. ID 
No:21) with nanomolar affinity and is discussed in Meo et 
aL, Prvc NatL Acad. Sci. USA (1983) 80:4084, which is 
incorporated by reference herein for all purposes. This 
antibody requires the amino terminal tyrosine for high 45 
affinity binding. The array of peptides formed as described 
in FIG. 2 was incubated with a 2 ug/ml mouse monoclonal 
antibody (3E7) known to recognize YGGFL. 3E7 does not 
bind PGGFL. A second incubation with finoresceinated goat 
anti-mouse antibody labeled the regions that bound 3E7. The 50 
surface was scanned with an epi-fluorescesce microscope. 
The results showed alternating bright and dark 50 um 
squares indicating that YGGFL and PGGFL were synthe- 
sized in geometric array determined by the mask. A high 
contrast (>12:1 intensity ratio) fluorescence checkerboard 55 
image shows that (a) YGGFL and PGGFL were synthesized 
in alternate 50 um squares, (b) YGGFL attached to the 
surface is accessible far binding to antibody 3E7. and (c) 
antibody 3E7 does not bind to PGOTL 

A three-dimensional representation of the fluorescence 60 
intensity data in a portion of the checkboard is shown in FIG. 
3. This figure shows that the border between synthesis sites 
is sharp. The height of each spike in this display is linearly 
proportional to the integrated fluorescence intensity in a 2J 
um pixel. The transition between PGGFL and YGGFL 65 
occurs within two spikes (5 urn). There is little variation in 
the fluorescence intensity of different YGGFL squares. The 



m«in intensity of sixteen YGGFL synthesis sites was 2.03 x 
10 s counts and the standard deviation was 9.6X10 3 counts. 

IIL Synthesis 

A. Reactor System 

FIG. 4 schematically illustrates a device used to synthe- 
size diverse polymer sequences on a substrate. The 
substrate, the area of synthesis, and the area for synthesis of 
each individual polymer could be of any size or shape. For 
example, squares, ellipsoids, rectangles, triangles, circles, or 
portions thereof, along with irregular geometric shapes may 
be utilized. Duplicate synthesis areas may also be applied to 
a single substrate far purposes of redundancy. 

In one embodiment, the predefined regions on the sub- 
strate will have a surface area of between about 1 cm 2 and 
10~ lo cm 2 . In some embodiments the regions have areas of 
less than about KT 1 cm 2 . 1CT 2 cm 2 . l<r 3 cm 2 . 1(T* cm 2 . 10" 5 
cm 2 . 10-* cm 2 , l<r 7 cm\ 1(T* cm 2 , 10"* cm 2 or IT 10 cm 2 . 
In a preferred emrx^hment. the regions are between about 
10x10 um 

in some ernbodiments a single substrate supports more 
than about 10 different monomer sequences and pcrferably 
more than about 100 different monomer sequences, although 
in some embodiments more than about 10 3 , 10*, 10 3 , 10*, 
10 7 , or 10 s different sequences are provided on a substrate. 
Of course, within a region of the substrate in which a 
monomer sequence is synthesized, it is preferred that the 
monomer sequence be substantially pure. In some 
embodiments, regions of the substrate contain polymer 
sequences which are at least about 1%, 5%. 10%, 15%. 20%. 
25%. 30%, 35%, 40%, 45%, 50%, 60%, 70%, 80%, 90%, 
95%, 96%, 97%, 98%, or 99% pure. The device includes an 
automated peptide synthesizer 40L The automated peptide 
synthesizer is a device which flows selected reagents 
through a flow cell 4t2 under the direction of a computer 
404. In a preferred embodiment the synthesizer is an ABI 
Peptide Synthesizer, model no. 431A.The computer may be 
selected from a wide variety of computers or discrete logic 
including for. example, an IBM PC-AT or similar computer 
linked with app ropriate internal control systems in the 
peptide synthesizer. The PC is provided with signals from 
the board computer indicative of. for example, the end of a 
coupling cycle. 

Substrate 446 is mounted on the flow cell, forming a 
cavity between the substrate and the flow cdL Selected 
reagents flow through this cavity from the peptide synthe- 
sizer at selected times, forming an array of peptides on the 
face of the substrate in the cavity. Mounted above the 
substrate, and preferably in contact with the substrate is a 
mask 408. Mask 408 is transparent in selected regions to a 
selected wavelength of light and is opaque in other regions 
to the selected wavelength of light. The mask is illuminated 
with a light source 410 such as a UV light source. In one 
specific embodiment the light source 410 is a model no 
82420 made by OrieL The mask is held and translated by an 
x-y-z translation stage 412 such as an x-y translation stage 
made by Newport Corp. The computer coordinates action of 
the peptide synthesizer, x-y translation stage, and light 
source. Of course, the invention may be used in some 
embodiments with translation of the substrate instead of the 
mask. 

In operation, the substrate is mounted on the reactor 
cavity. The slide, with its surface protected by a suitable 
photo removable protective group, is exposed to tight at 
selected locations by positioning the mask and illuminating 
the light source for a desired period of time (such as, for 
example, 1 sec to 60 min in the case of peptide synthesis). 
A selected peptide or other monomez/polynier is pumped 
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through the reactor cavity by tbe peptide synthesizer for in a synthesis region. A substrate formed with mixtures of 

hirwting at the selected locations on die substrate. After a compounds in various synthesis regions may be used to 

selected reaction time (such as about 1 sec to 300 min in the perform, for example, an initial screening of a large number 

of peptide reactions) of the monomer is washed from °f compounds, after which a smaller number of compounds 

the system, the mask is appropriately repositioned or 5 ^ regions which exhibit high binding affinity are further 

replaced, and the cycle is repeal. In most embodiments of screened. Similar results may be obtained by only partially 

the invention, reactions may be conducted at or near ambient photyUzing a region, adding a first monomer, rc-pborylizing 

Xanpcnxxsc mc same regioa. and exposing the region to a second 

FIGS. 5a and 56 are flow charts of the software used in m °?? mcr - ^ . c 

operation of the reactor system. At step 542 the peptide 10 Binary Synthesis Strategy 

^Tmesis software is initialized At s^ 504 the ^tem fJ^^f"^ ? JS**?*' 2°*°? 

. ^. _ . / , . j . formed depend on the pattern and order of masks, and on the 

calibrates posttoners onfcex-y translation stage an I begins ^ < ££an^ To^ake a set of products there will in 

a main loop. At step 5* the system determmes which, if gcocral * v ^ttc masking schemes. In preferred 

any. of the function keys on me compute have been prosed. cmrwdiments of the invention herein a binary synthesis 

If Fl has been pressed, tbe system prcmpu the user for input 15 utilized The binary synthesis strategy is illus- 

of a desired synthesis process. If the user enters F2. the rnlcd pdmMrHy with regard to a masking strategy, 

system allows a user to edit a file for a synthesis process it although it will be applicable to other polymer synthesis 

step 510. If the user enters F3 the system loads a process strategies such as the pin strategy, and the Eke. 

from a disk at step 512. If the user enters F4 the systemsaves ^ a synthesis strategy, the substrate is irradiated 

an entered or edited process to disk at step 514. If the user 20 ^ a ^ expend t0 a buildmg block, irradiated 

selects F5 the current process is displayed at step 5H while ^ A second exposed lo* second W<^bLo<±. etc. 

s e l ect ion of F6 starts the main portion of the program, ie., combination of masked irradiation and exposure to a 

the actual synthesis according to the selected process. If the building block is referred to herein as a M cyde." 

user selects F7 the system displays me location of the a preferred binary masking scheme, the masks for each 

synthesized peptides, while pressing Fit returns the user to 25 cycle allow irradiation of half of a regioa of interest on the 

the disk operating system. substrate and protection of the remaining half of the region 

FIG. Sb illustrates the synthesis step 518 in greater detail of interest By TialT it is intended herein not to mean 

The main loop of the program is started in which the system exactly one-half the region of interest, but instead a large 

first moves the mask to a next position at step 526. During fraction of the region of interest such as from about 30 to 70 

the main loop of the program, necessary chemicals flow 30 percent of the region of interest It will be understood that 

through the reaction cell under the direction of the oc-board ^ CBtirc m »h'n g scheme need not take a binary form; 

computer in the peptide synthesizer. At step 528 the system instead non-binary cycles may be introduced as desired 

then waits for an exposure command and upon receipt of the between binary cycles. 

exposure command exposes the substrate far a desired time p t efm e d embodiments of the binary mating scheme, 

at step 530. When an acknowledge of exposure complete is 35 a given cycle murninates only about half of the region which 

received at step 532 the system determines if the process is was fliuminated in a previous cycle, while protecting the 

complete at step 534 an d, if so, w aits for additional keyboard remaining half of the fli.m^.^ portion from the previous 

input at step 536 and thereafter, exits the perform synthesis cycle. Conversely, in such preferred enibodiments. a given 

process. cyde illuminates half of the region which was protected in 

A computer program used for operation of the system <o mc previous cyde and protects half the region which was 

described above is included as rmcronche Appendix A protected in a previous cycle. 

(Copyright 1990. Affymax Technologies N.V., all rights $ynJthcsis strategy is most readily illustrated and 

reserved). The program is written in Turbo C++ (Borland handled in matrix notation. At each synthesis site, tbe 

Int'l) and has been imrJ r mmtrd in an IBM compatible determination of whether to add a given mooomer is a binary 

system. The motor control software is adapted from software 45 process. Therefore, each product element P, is given by tbe 

produced by Newport Corporation. It wfll be recognized that ^ p^ct 0 f two vectors, a chemical react ant vector, eg., 

a Urge variety of prograniming languages could be utilized o[AJB.CJD], and a binary vector o> Inspection of the 

without departing from the scope of theinvenrion herein. products in the example below for a four-step synthesis. 

Certain calls are made to a graphics program in "Program- ^ows that in one four-step synthesis aM 1,0, 1,0), oWU). 

mer Guide to PC and PS2 Video Systems" (Wilton, 50 0 1]> o^o.l.l.O], and c 4 =[0.1,0.1]. where a 1 indicates 

Microsoft tress, 1987), which is mcorporated herein by illumination and a 0 indicates protection. Therefore, it 

reference for all purposes. becomes possible to build a "switch matrix" S from the 

Alignment of me maskis achieved by one of two methods column vectors o\(j=Uc where k is the number of products), 
in pref erred ernbodimeats. In a first embodiment the system 

relies upon relative «iig« wwwt of the various components, 55 oi 02 oj 
which is normally acceptable since x-y-z translation stages 
are capable of sufficient accuracy for Che purposes herein. In 
alternative embodiments, alignment maris on the substrate 
are coupled to a CCD device for appropriate alignment. 

According to some embodiments, pure reagents are not 60 
added at each step, or complete photolysis of tbe protective 

groups is not provided at each step. According to these The outcome P of a synthesis is simply P»CS, the prodoct 

embodiments, multiple products will be formed in each of the chemical reactant " tfT< ' T and the switch matrix, 

synthesis site. For example, if the monomers A and B arc Tbe switch matrix, for an n-cycle synthesis yielding k 

mixed during a synthesis step. A and B will bind to depro- 65 products has n rows and k columns. An important attribute 

tected regions, roughly in proportion to their concentration of S is that each row specifies a mask. A twcHumensional 

in solution. Hence, a mixture of compounds will be formed mask m, f or the jth chemical step of a synthesis is obtained 
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directly from the jtfa row of S by placing the elements . locations on the substrate arc simply defined by the columns 

. . Sp. into, for example, a square formal The particular of the switch matrix (the first column indicating, for 

arrangement below provides a square format although Un- example, that the product ABCD will be present in the upper 

ear or other arrangements may be utilized. left-hand location of the substrate). Furthennore, if only 

5 selected desired products arc to be- made, the mask sequence 

m *u *u *i4 can be derived by extracting the columns with the desired 

. m m rn ru jji *n sequences. For example, to form the product set ABCD. 

* = _ _ _ ... ABD. AGD. AD. BCD. BD, CD. and D. the masks are 

formed by use of a switch matrix with only the 1st. 3rd, 5th, 
10 7th, 9th. 11th, 13th, and 15th columns arranged into the 
switch matrix: 

Of course, compounds formed in a light-activated syn- 
thesis can be positioned in any defined geometric array. A i l I l o 0 0 o 
square or rectangular mamx is convenient but not required. . i i o o l i o o 
The rows of the switch manix may be transformed into any l5 Ss \ o 
convenient array as long as equivalent transformations are 
used for each row. 

For example, the masks in the four-step synthesis below 

are then denoted by: To form all of the polymers of length 4, the reactant matrix 

[ABCD ABCD ABCD ABCDJis used. The switch matrix will 

11001001 30 be formed from a matrix of the binary numbers from 0 to 2 16 

mi= 0 o"* 2- 1 i < " 3 * l o M4 = o i arranged in columns. The columns having four monomers 

are than selected and arranged into a switch matrix, 

where 1 denotes ffiuinination (activation) and 0 denotes no Therefore, it is seen that the binary switch matrix in general 

iH nminjm' nn will provide a representation of all the products which can 

The matnT representation is used to generate a desired set 25 be made from an n-step synthesis, from which the desired 

of products and product maps in preferred embodiments. prodacts are then extracted. 

Each compound is defined by the product of the chemical The rows of the binary switch matrix win. in utef e u e d 

vector and a particular switch vector. Therefore, for each exnbodirnenls. have the property that each masking step 

synthesis address, one simply saves the switch vector. iUuminates half of the synthesis area. Each moving step 

assembles all of them into a switch matrix, and extracts each 30 also factors the preceding masking step; that is, half of the 

of the rows to form the masks. region that was Dlirminatrd in the preceding step is again 

In some cases, particular product distributions or a maxi- illuminated, whereas the other half is not. Half of the region 

mal number of products are desired. For example, for that was uniUunuhated in the preceding step is also 

C=fAJB.CD], any switch vector (oj) consists of four bits. iUuminated, whereas the other half is not Thus, masking is 

Sixteen four-bit vectors exist Hence, a m*TirmTm of 16 35 recursive. The masks are constructed, as described 

different products can be made by sequential addition of the previously, by extracting the elements of each row and 

reagents (AJBCX)]. These 16 column vectors can be placing them in a square amy. For example, the four marts 

assembled in 16! different ways to form a switch matrix. The in S for a four-step synthesis are: 
order of the column vectors defines the masking patterns, 

and. therefore, the spatial ordering of products but not their 40 l i l l l l l l 

makeup. One ordering of these columns gives the following i i l l 0 o o o 

switch matrix (in which **nulT (6) additions are included in mi °o o o o" 1 * l l i l 

brackets for the sake of completeness, although such null oooo oooo 
additions are elsewhere ignored herein): 



1 II I 111100000000 A 

[0 000000011 tlllll] ♦ 

1 111000011110000 B 50 

$ = [0 0 0 0 1 1 1 1 0 0 0.0 1 1 1 1] ♦ 



45 110 0 10 10 

110 0 10 10 



110 0 10 10 
110 0 10 10 



1 10011001 1001100 c 



The recursive factoring of masks allows the products of a 
light-directed synthesis to be represented by a polynomial. 
(Same light activated syntheses can only be denoted by 
[ooiiooiiooiiooi lj + irreducible, Lc. prime polynomials.) For example, the poiy- 
l 010101010101010 D 55 normal exxrespooding to the top synthesis of FIG. fa 
[0 loioioioioioioi] * (discussed below) is 

PKA+BXC +D) 

The columns of S according to this aspect of the invention 

are the binary representations of the numbers 15 to 0. The A reaction polynomial may be expanded as though it were 
sixteen products of this binary synthesis are ABCD. ABC. 60 an algebraic expression, provided that the order cf joining of 
ABD. AB. ACD. AC AD. A. BCD, BC, BD, B. CD, C, D. reactants X 1 and Xa is preserved (X^ ^XjXj), ic, the 
and 8 (null). Also note that each of the switch vectors from products are not commutative. The product then is AC+AIH 
the four-step synthesis masks above (and hence the synthesis BC+BD. The polynomial explicitly specifies Che reactants 
products) are present in the four bit binary switch matrix. and implicitly specifies the mask for each step. Each pair of 
(See columns 6, 7, 10, and 11) 65 parentheses rWnarrarrs a round of synthesis. The chrmfral 

This synthesis procedure provides an easy way far map- reactants of a round (eg.. A and B) react at noDOverUpping 
ping the completed products. The products in toe various sites and hence cannot combine with one other. The synthe- 
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as area is divided equally amongst the elements of a round number of chemical steps (n). For four reactants. 16 com- 

(e.g» A is directed to one -half of the area and B to the other pounds are formed in me binary synthesis, whereas only 4 

half). Hence, the masks for a rouad (e.g.. the m»«w m^aod are made when each round has two r e a ct ants. A 10-step 

mB) are orthogonal and form an orthonormal set The binary synthesis yields 1.024 compounds, and a 20-step 

polynomial Dotation also signifies that each element in a 5 synthesis yields 1.048.576. Second, prodncts formed in a 

round is to be joined to each element of the next round (e.g.. buu ? ****** Be * complete nested set with lengfts 

A with C. A with D. B with C and B with D). This is from 0 to n. All compounds that can betormedby 

_ a u^sA »» h>vif><> m »™i m _ ,„ „ ..„, nv , nA drifting one or more units from the longest product (the 

accomplished by having overlap m, an m, equally, and ^» Contained within the biliary set are the 

likewue for m„ Because C and D are elements of a nund. ^^J^^ ^ fomed ChT^L reactants 

»c«1«c are orthogonal to each other and form an to ^ ^ ^ « nu*> AC. AD. K. m 

oroonormal set , t t . . formed in the synthesis shown in FIG. 6 are present in the 

The polynomial representation of the binary synthew ]et of 16 fonDcd ^ me Jyntbejis ). „ wme cases, 

described above, in which 16 products are made from 4 noweva , me experimentally achievable spatial resolution 

reactants, is may not suffice to accommodate all the compounds formed. 

u Therefore, practical limitations may require one to select a 

fMA««X&*«) (C+fl) particular subset of the possible switch vectors for a given 

which gives ABCD. ABC. ABD. AB, ACD, AC. AD. A. ^f^Iwp, c 

BCD. BC BD, B, CD.C, D. and • when expanded (with the JigfltoKei a synthesis with binary ousting scheme. 
nuematex-XandX^X-andreme^m^^g^ „ jS^S^^S^SS^^S^ 
ordered). In a binary s^fcess .each round contams one ^ for a ^ numl ^ of cydes . , Accoraing to this 

reliant and one nuU (denoted by 6). Hatf of me synthesis ^Xdiment, a mask ml allows illumination of half of the 
arearecerves the reacUnt andthe other half ircaves nottung. sublWe . ^ Jubstnle a mea exposed to the bufldmg block 
Each mask oyaiap, evey otocr mask equiDy. which binds at the iUunnnatedregioas. 

Bu^ytounds and non-binary rounds can be interspersed ^ Thcraitff . tern**** mows ninrrrinafion of half of the 
as aeszrea, as in previously illiiminated region, while protecting half of the 

rMA<0XPXQDi0)<EinO) previously flinm;««t»<4 region. The building block B is then 

added, which binds at the illuminated regions from m2. 
The 18 compounds fanned are ABCE. ABCF. ABCG. The process continues with masks m3, m4, and m5, 
ABDE ABDF. ABDG T ABE. ABF, ABC BCE, BCF, BCG. 30 resulting in the product amy shown in the bottom portion of 
BDE. BDE BDG. BE, BF, and BG. The switch matrix S for the figure. The process generates 32 (2 raised to the power 
this 7-step synthesis is of the number of monomers) sequences with 5 (the number 

of monomers) cycles. 
111111 11 ic oooo-oooo 2. EXAMPLE 

i i i i i i i i i i i l l i t i l l 35 FIG. 7 illustrates another preferred binary masking 
111000000111000000 scheme which is referred to herein as the gray code masking 
5 = 0 0 0 i i i oooooo i l iooo scheme. According to this embodiment, the masks ml to m5 
looiooiooiooiooioo *re selected such that a side of any given synthesis region is 
oiooiooiooiooiooio **** <* onl y onc m*sk.Tne site at whichthe 

40 sequence BCDE is formed, far example, has its right edge 
ooiooiooiooiooiooi yl . . _ . . . ~ . _ _ T. , ~77 j 

A^fin+A by m5 and its left side formed by mask m4 (and no 

other mask is aligned on the sides of this site). Axxccdingry, 
The round denoted by (B) places B in all products because problems created by misalignment, diffusion of light under 
the reaction area was uniformly activated (the mask for B the m»<* and the like will be minim,^ 
consisted entirely of l's). 43 3. EXAMPLE 

The number of cornpounds k formed in a synthesis pj^ g illustrates another binary masking scheme, 
consisting of r rounds, in which the ith round has b, chemical According to this scheme, referred to herein as a r^**~* 
reactants and z, nulls, is gray code masking scheme, the number of masks needed is 

"""j™""* For example, the mask m2 could be the same 
ksI < VZt) 30 mask as ml and simply translated laterally. Similarly, the 

and the number of chemical steps n is mask m4 could be the same as mask m3 and simply 

translated laterally. 
b-D>i 4. EXAMPLE 

A four-step synthesis is shown in FIG. 9a. The reactants 
TTjeiiumtoof^ompoun^n^ J3 m mc ordered set { AJB.CJ)}. In the first cycle, flliTTrnnatk>p 

f rounds is a- compared with T for * binary synthes* mc ^ rf ^ mcsi3 ^ 

For n-20and a-5. ^ob^iU tetrameros) would be Buililill Ais then added to give the distribution «#2. 

farmed, compared with 1.049x10* compounds in a binary mum ination through mask nx. (which activates the lower 
synthesis with the same number of chemical steps ^ followed ^ ofB mc ncxt mtcn nediate 

It should also be noted that rounds in a polynomial can be w ajtolaition 604. C is added after illmninarioQ through m 3 
ncstcd » 45 ^ (which activates the left half) giving the distribution 644, 

(A*<B+6yo«vi>+«) md D after illumination through mu (which activates the 

right half), to yield the final product pattern 6«8 (ACAD, 
The products are AD, BCD. BD. CD, DABCB, C, and BCBD). 
6. 65 5. EXAMPLE 

Binary syntheses are attractive for two reasons. First they The above masking strategy for the synthesis may be 
generate the maximal number of products (2") for a given extended for all 400 dipeptides from the 20 naturally occur- 
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ring amino acids as shown in FIG. 96. The synthesis consists of the controls needed to assess the fidelity of a synthesis, 

cf two rounds, with 20 photolysis and chemical coupling For example, tbe fluorescence signal from a synthesis area 

cycles per round. In the first cycle of round 1. mask 1 nominally containing a tetrapepcide A&CO could come from 

activates '/20th of the substrate for coupling with the first of a tripepdde deletion impurity such as ACD. Such an artifact 

20 amino adds. Nineteen subsequent iUurnination/coupling 5 would be ruled out by the finding that the fluorescence 

cycles in round 1 yield a substrate consisting of 20 rectan- intensity of the ACD- site is less than that of the ABCD site, 

gular stripes each bearing a distinct member of the 20 amino The fifteen most highly labelled peptides in the array 

acids. The masks of round 2 are perpendicular to round 1 obtained with the synthesis of 1.024 peptides described 

masks and therefore a single ffluminahoo/coupling cycle in above, were YGAFLS (SEQ. ID No:5). YGAFS (SEQ. ID 

round 2 yields 20 dipeptides. The 20 munnnation/coupling 10 No:6). YGAFL (SEQ. ID No:7), YGGFLS (SEQ. ID No:8). 

cycles of round 2 complete the synthesis of the 400 dipep- YGAF (SEQ. ID No:8), YGALS (SEQ. ID No:9). YGGFS 

tides. (SEQ. ID No:10). YGAL(SEQ. ID No:ll). YGAFLF (SEQ. 

6. EXAMPLE ID No:12), YGAF (SEQ. ID No:13). YGAFF (SEQ. ID 

The power of me binary masking strategy can be apprc- No:l4) ? YGGLS (SEQ. ID No: 15). YGGFL (SEQ. ID 

dated by the outcome of a 10-step synthesis that produced is No:l6), SEQ. ID No:17), and YGAFLSF (SEQ. I fifteen 

1.024 peptides. Tie polynomial expression for this 10-step begin with YG. which agrees with previous work showing 

binary synthesis was: that an amino-terminal tyrosine is a key determinant of 

binding. Residue 3 of this set is either A or G, and residue 

(MX^XG^xa^XG^) (MXL^XF^ 4 u either F or L. The exclusion of S and T from these 

F^^h peptide occupied a 400x400 urn square. A 32x32 20 positions is clear cut. The finding that the pi ef e u ed sequence 

peptide array ( 1.024 peptides, including the null peptide and is YG (A/G) (F/L) fits nicely with the outcome cf a study in 

10 peptides of 1=1. and a limited number of duplicates) was which a very large library of peptides on phage generated by 

dearly evident in a fluorescence scan following side group recombinant DMA methods was screened for binding to 

deprotection and treatment with tbe antibody 3E7 and fluo- antibody 3E7 (see Cwida et aL. Proc. Nad, Acad. 5a. USA. 

resonated antibody. Each synthesis site was a 400x400 um 25 (1990) 87:6378, wcorporated herein by reference). Addi- 

square. tional binary syntheses based on leads from peptides on 

The scan showed a range of fluorescence intensities, from phage experiments show that YGAFMQ (SEQ. ID No: 1 8), 

a background value of 3 J00 counts to 22.400 counts in the YGAFM (SEQ. ID No: 19), and YGAPQ (SEQ. ID No:20) 

brightest square (x=20. y=9). Only L5 compounds exhibited give stronger fluorescence signals than does YGGFM, the 

an intensity greater than 12300 counts. The median value of 30 immunogen used to obtain antibody 3E7. 

the array was 4.800 counts. Variations on the above masking strategy win be valuable 

The identity of each peptide in the array could be deter- in certain circumstances. For example, if a "kemer 

mined from its x and y coordinates (each range from 0 to 3 1) sequence of interest consists of PQR separated from XYZ 

and the map of FIG. 10. The rtH~mir*] units at positions 2. and mat the aim is to synthesize peptides in which these 

5. 6. 9. and 10 are specified by the y coordinate and those at as units are separated by a variable number of different 

positions 1, 3, 4. 7, 8 by the x coordinate. All but one of the residues, then the kernel can be placed in each peptide by 

peptides was shorter than 10 residues. For example, the using a mask that has l*s everywhere. The polynomial 

peptide at x=12 and y=3 is YGAGF (SEQ. ID No 3) representation of a suitable synthesis is: 
(positions 1. 6. 8. 9. and 10 are nulls). YGAFLS (SEQ. ID 

No:4), the brightest element of the array, is at x=20 and y=9. « (FXQXHXA^X^XC^xr>^XXXYXZ) 

It is often desirable to deduce a binding affinity of a given Sixteen peptides will be formed, ranging in length from the 

peptide from the measured fluorescence intensity. pQRXYZ to the 10-mer PQRABCDXYZ. 

Conceptually, the simplest case is ooe in which a single Several other t™«irin g strategies will also find value in 

peptide binds to a univalent antibody molecule. The fluo- selected circumstances. By using a particular more 

rescencescan is carried out after the slide is washed with 45 than once, two or more react ants will appear in tbe same set 

buffer for a defined time. The order of fluorescence in ten- 0 f products. For example, suppose that the mask for an 

sities is then a measure primarily of the relative dissociation 8-step synthesis is 
rates of the antibody -peptide complexes. If the on-raie 
constants are the same (e.g., if they are diffus io n-co arrolled), 



the order of fluorescence intensities will correspond to the 50 a 11110000 

order of binding affinities. However, the situation is some- £ uoolioo 

times more complex because a bivalent primary antibody D qquoou 

and a bivalent secondary antibody are used. The density of e 10101010 

peptides in a synthesis area corresponded to a mean sepa- F 01010101 

ration of -7 om. which would allow multivalent antibody- 35 jj ooroun 

peptide interactions. Hence, fluorescence intensities • 

obtained according to the method herein will often be a 

qualitative indicator of binding affinity. The products are ACEG, ACFG. ADEG. ADFG, BCEH. 

Another important consideration is the fidelity of synthe- BGFH, BDEH. and BDFH. A and G always appear together 

-sis. Deletions are produced by incomplete photodeprotection 60 because their additions were directed by the same mask, and 
or incomplete coupling. Tbe coupling yield per cycle in likewise for B and H. 
these experiments is typically between 85% and 95%. C linker Selection 

Implementing the switch matrix by masking is imperfect According to p r efer red embodiments the linker molecules 
because of light diffraction, internal reflection, and scatter- used as an intermediary between the synthesized polymers 

ing. Consequently, stowaways (chemical units that should 65 and the substrate are sflrrrrd for optimum length and/or 
not be on board) arise by unintended iUumination of regions type for improved binding interaction with a receptor, 
that should be dark. A binary synthesis array contains many According to this aspect of the invention diverse linkers of 
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varying length and/or type are synthesized for subsequent carboxyi group of an amino acid, and the nature of the 

attachment of a ligand. Throagh variations in the length and chemical synthesis will dictate which reactive group will 

type of linker, it becomes possible to optimize the binding require a protecting group. Analogously, attachment of a 

interaction between an immobilized ligand and its receptor protecting group to the S'-hydroxyl group of a nucleoside 

The degree of binding between a ligand (peptide. 3 during synthesis using foe example, poosphiar-triesta: cou- 

inhibitor. hapten, drug, etc) and its receptor (enzyme. P^g chemistry, prevents the ^-hydroxy! of one nucleoside 

antibody, etc) when one of the partners ^immobilized on fromreacting with the 3'-activated pbosphate-tricster of 

to a substrate will in some embodiments depend on the 411 " - ' ^ . 

accessibility of the receptor in solution to mVimmobuized R f^?" s of * c s P c ? fic U5C ' ^f^Tl 

^~r^T " " .7 T ,n employed to protect a moiety on a molecule from reacting 

hgand. Tne accessary in mm wffl depend on fee length 10 ^ another reagenL Protecting groups of the present inven- 

and/or type of linto molecule employed to immobilize one tion ^ mc foUowing ch^^istics: they prevent selected 

of the partners. Preferred embodiments of the invention rcAgcoC5 from modifying the group to which they are 

therefore employ the ULSIPS™ technology described utached; they are stable (that is, they remain attached to the 

herein to generate an array of, preferably, inactive or inert molecuk) to the synthesis reaction conditions; they are 

linkers of varying length and/or type, using photochemical 15 removable under conditions that do not adversely affect the 

protecting groups to selectively expose different regions of remaining structure; and once removed, do not react appre- 

the substrate and. to build upon chemically-active groups. ciably with the surface ox surface-bound oligomer. The 

In the simplest embodiment of this concept, the same unit selection of a suitable protecting group will depend, of 

is attached to the substrate in varying multiples or lengths in course, on the chemical nature of the monomer unit and 

known locations on the substrate via VLSIPS™ techniques 20 oligomer, as well as the specific reagents they are to protect 

to generate an array of porymers of varying length. A single against. 

ligand (peptide, drug, hapten, etc.) is attached to each of Jq a preferred embodiment, the protecting groups are 
them, and an assay is performed with the binding site to photoactivatable. The pr op e rti es and uses of pbotoreactive 
evaluate the degree of binding with a receptor that is known protecting compounds have been reviewed. See, McCray et 
to bind to me ligand In cases where the linker length 23 ^ fa $ Biophys, and Biophys. Chenu (1989) 
impacts the ability of the receptor to bind to the hgand, 18:239-270. which is mcorporatcd herein by reference- 
varying levels of binding win be observed. In general, the Preferably, the photosensitive protecting groups will be 
linker which provides the highest binding will then be used removable by radiation in the ultraviolet (UV) or visible 
to assay other ligands synthesized in accordance with the portion of the electromagnetic spectrum. More preferably, 
techniques herein. 30 mc protecting groups will be removable by radiation in the 

According to other embodiments the binding between a neax tjv or visible portion of the spectrum. In some 

single ugand/receptor pair is evaluated for linkers of diverse eztibpdiments, however, activation may be perfesmed by 

monomer sequence. According to these embodiments, the other methods such as localized heating, electron beam 

linkers are synthesized in an array in accordance with the lithography, laser pumping, oxidation or reduction with 

techniques herein and have different monomer sequence 33 microdectrodes. and the Sulfonyl compounds are suit- 

(and, optionally, different lengths). Thereafter, all of the able reactive groups for electron beam lithography. Oxida- 

linker molecules are provided with a ligand known to have trve or reductive removal is accomplished by exposure of the 

at least some binding affinity for a given receptor. The given protecting group to an electric current source, preferably 

receptor is then exposed to the ligand and binding affinity is using niicroclectrodes directed to the predefined regions of 

deduced. Linker molecules which provide adequate binding 40 ^ e surface which are desired for activation. Other methods 

between the ligand and receptor are then urfli7rd in screen- be used in light of this disclosure, 

ing studies. Many, although not all, of the ptoctoremovable protecting 

D. Protecting Groups groups will be aromatic compounds that absorb ncar-UV and 

As discussed above, selectively removable protecting visible radiation. Suitable pbotoremovable protecting 

groups allow creation of well defined areas of substrate 43 groups are described in, for example, McCray et aL, 

surface having differing reactivities. Preferably, the protect- Patchonrik, J, Amer. Chm. Sec. (1970) 92 :6333, and Amit 

ing groups are selectively removed from the surface by ct aL, 7. Org. Chan, (1974) 39:192, which are incorporated 

applying a specific activator, such as electromagnetic radu- herein by reference. 

boo of a specific wavelength and intensity. More preferably, a preferred dass of photoremovable protecting groups 

the specific activator exposes selected areas of surface to 30 ^ the general formula: 
remove the protecting groups in the exposed areas. 

rYocecting groups of the present invention are used in Q R 5 NOi 

conjunction with solid phase oligomer syntheses, such as /II v^Jk^ R 1 

peptide syntheses using natural or unnatural amino acids, °J 

nucleotide syntheses using deoxyribonucleic and ribo- 33 C I ( ) I 

nucleic acids, oligosaccharide syntheses, and the like. In E r^\_^*^ R2 

addition to protecting the substrate surface from unwanted T 

reaction, the prelecting groups block a reactive end of the * 
monomer to prevent $cff-poryxnerizatk>n, For instance, 

attachment of a protecting group to the amino terminus of an 60 where R\ R 3 , R\ and R 4 mdependently are a hydrogen 

activated amino acid, such as an N-hydroxysuccinimide- atom, a lower alkyl, aryl. benzyl, halogen, hydroxyl. 

activated ester of the amino prevents the amino termi- alkoxyl. thiol, thioether. amino, nitro. carboxyL formate, 

nus of one monomer from reacting with the activated ester fonnamido or phospfaido group, or adjacent substituents 

portion of another during peptide synthesis. Alternatively. (Le., R l -R 2 , R*-R\ R^R. 4 ) arc substituted oxygen groups 

the protecting group may be attached to the carboxyi group 65 that together form an cyclic acetal or ketal; R 5 is a hydrogen 

of an amino acid to prevent reaction at this site. Most atom, a alkoxyl alkyl hydrogen, halo, aryl or alkenyl 

protecting groups can be attached to either the amino or the group, and n=0 or 1. 
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A fief cued protecting group, 6-nitrovcrztryl (NV). which 
is used for protecting tbe carboxyl terminus of an amino acid 
or the hydroxy! group of a nucleotide, for example, is 
formed when R 2 and R 3 are each a methoxy group, R l . R* 
and R 3 are each a hydrogen atom, and n=0: 



NO, 




OMe 



OMe 



A preferred protecting group, 6-mtrovexatrylaxycarboayl 
(NVOC), which is used to protect the amino fr»rminng of an 
amino add, for example, is formed when R 3 and R 3 are each 
a methcety group. R\ R 4 and R 5 are each a hydrogen atom, 
and n=l: 



NO, 



OMe 




OMe 



Another preferred protecting group, 6-nitropiperonyl 
(NP), which is used for protecting the carboxyl terminus of 
an amino acid or the hydroxyl group of a nucleotide, for 
example, is formed when R 3 and R 3 together form a meth- 
ylene acetal. R l . R 4 and R 3 are each a hydrogen atom, and 
n=0: 



NO, 





A most prefetred protecting group, memyl-6-nitroveratryl 
(McNV). which is used for protecting the carboxyl terminus 
of an amino acid or the hydroxyl group of a nucleotide, for 
example, is formed when R 3 and R 3 are each a methoxy 
group, R L and R 4 are each a hydrogen atom. R 3 is a methyl 
group, and n*0: 



15 



30 



Another preferred protecting group. 
6-tri ti upip a u Dyioxycarbonyl (NFOQ, which is used to pro- 
tect the amino terminus of an amino acid, for example, is 
formed when R 3 and R 3 together form a methylene acetaL 
R\ R 4 and R 3 are each a hydrogen atom, and n=l: 



22 



Me NO, 




OMe 



OMe 



10 



Another most preferred protecting group, methyl-6- 
nitroveratryloxycarboayl (MeNVOC), which is used to pro- 
tect the amino terminus of an amino acid, for example, is 
farmed when R 3 and R 3 are each a methoxy group. R 1 and 
R 4 are each a hydrogen atom. R 3 is a methyl group, and n=l: 



20 
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Another most preferred protecting group, methyl-6- 
ni nopiper onyl (MeNF), which is used for protecting tbe 
carboxyl terminus of an amino acid or the hydroxyl group of 
a nucleotide, for example, is formed when R 3 and R 3 
together farm a methylene acetaL R 1 and R* are each a 
hydrogen atom. R 5 is a methyl group, and n=0: 



Me 



35 




NO, 



a 



Another most preferred protecting group, methyl-6- 
nitro pip etonyl oxy c ai bonyl (MeNPOQ, which is uied to 
45 protect the amino terminus of an amino add, for example, is 
formed when R 3 and R 3 together farm a methylene acetal, 
R l and R 4 are each a hydrogen atom, R 5 is a methyl group, 
and d=1: 



50 




33 



^ A protected amino acid having a photoactivatable oxy- 
carbonyl protecting group, such NVOC or NPOC or their 
corresponding methyl derivatives, MeNVOC or MeNPOC, 
respectively, on the amino terminus Is formed by acytating 
the amine of the amino add with an activated oxycarboByl 

63 ester of the protecting groin). Examples of activated oxy- 
carbonyl esters of NVOC and MeNVOC have tbe general 
formula: 



23 
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O NO, 




QMe 
NVOC-X 




OMs 
MoMVOC-X 



where X is halogen, mixed anhydride, phenoxy, 
p-nitrophenoxy, N-hydraxysucdnimide. and the like. 

A inutecte d amiao acid or nodeotide having a photoac- 
tivatablc protecting group, such as NV or NP or their 
corresponding methyl derivatives, McNV or MeNP, 
respectxvdy, oa the ctrboxy frTrrrimn of the amino acid or 
5* -hydroxy terminus of the nodeotide. is formed by icy Lat- 
in? the caibux y terminus or 5* -OH with in activated benzyl 
derivative of the protecting group. Examples of activated 
benzyl derivatives of MeNV and McNP hive the general 
formula: 




where X is halogen. hydroxy!, tosyL, mesyl trifluonncthyL 
diizo, azido, and the Eke. 

Another method for geserating protected monomers is to 
react the benzybc alcohol derivative of the protecting group 
with an activated ester of the monomer. For example, to 
protect the carboxyl terminus of an amino add. an activated 
ester of the amino add is reacted with the alcohol derivative 
of the protecting group, such as 6-nkroveratrol (NVOH). 
Examples of activated esters suitable for such uses indude 
halo-formate, mixed anhydride, imidazoyi formater acyl 
halide, and also indudes formation of the activated ester in 
situ the use of common rea g en ts such as DCC and the like. 
See America et aL for other examples of activated esters. 

A further method for generating protected monomers is to 
-react the benzylic alcohol derivative of the protecting group 
with an activated carbon of the mocomex. Far example, to 
protect the J'-hydroxyl group of a nuddc add. a derivative 
having a ^'-activated carbon is reacted with the alcohol 
derivative of the protecting group, such as raethyl-6- 
nitropiperoool (MePyROH). Examples of nucleotides hav- 
ing activating groups attached to the 5'-bydraxyl group have 
the general formula: 



5 




OP 



where Y is a halogen atom, a tosyL mesyl. trifluoromethyL 
10 azido. or diazo group, and the like. 

Another class of preferred photochemical protecting 
groups has the formula: 



15 
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25 where R 1 , R 2 , and R 3 independently are a hydrogen atom, a 
lower alkyL aryL, benzyl, halogen, hydroxy^ alkoxyl, thiol* 
thioether, amino, nitro, carboxyl, formate, formamido, 
solfanates, sulfide or phosphido group, R 4 and R 3 indepen- 
dently are a hydrogen atom, an alkoxy. alkyL halo, aryl 

30 hydrogen, or allcenyl group, and n=0 or 1. 

A preferred protecting group, 
1-pyrcnylmemyioxycarbonyl (PyROQ, which is used to 
protect the amino terminus of an amino add. for example, is 
formed when R 1 through R 5 are each a hydrogen atom and 

35 n=l: 



40 



45 




O 



Another preferred protecting group, 1-pyrenylmcthyl 
(PyR), which is used for protecting the carboxy terminus of 
30 an amino add or the hydraxyl group of a oudeotide, for 
example, is formed when R 1 through R 3 are each a hydrogen 
atom and n=0: 



An amino add having a pyrenytmemyloxycarbonyl pro- 
65 tecting group on its amino twiwinu* is formed by acyiation 
of the free amine of amino add with an activated oxycar- 
bonyi ester of the pyrenyl protecting group. Examples of 
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activated oxycarbonyl esters of PyROC have the general 
formula: 




10 



where X is halogen, or mixed anhydride, p-nitrophenoxy. or 15 
N-hydroxysucdnimide group, and the like, 

A protected amino acid or nucleotide having a photoac- 
tivatable protecting group, such as PyR, on the carboxy 
terminus of the amino acid or 5*-hydroxy trrminns of the 
nucleic acid, respectively, is formed by acylating the car- 20 
boxy tmninns or 5'-OH with an activated pyreiiyimethyl 
dexivative of the protecting group. Examples of activated 
pyrenyimethyl derivatives of PyR have the general formula: 




30 



where X is a halogen atom, a hydroxy 1, diazo, or azido 
group, and the like. 33 

Another method of generating protected monomers is to 
react the pyrenyimethyl alcohol moiety of the protecting 
group with an activated ester of the monomer. For example, 
an activated ester of an amino acid can be reacted with the 
alcohol derivative of the protecting group, such as pyrenyl- 40 
methyl alcohol (PyROH), to form the protected derivative of 
the carboxy terminus of the amino acid. Examples of acti- 
vated esters include halo-formate, mixed anhydride, imida- 
zoyl formate, acyl halide, and also includes formation of the 
activated ester in situ and the use of common reagents such 45 
as DCC and the like. 

Clearly, many photosensitive protecting groups are suit- 
able for use in the present invention. 

In preferred embodiments, the substrate is irradiated to 
remove the photoremovabie protecting groups and create 50 
regions having free reactive moieties and side products 
resulting from the protecting group. The removal rate of the 
protecting groups depends on the wavelength and intensity 
of the incident radian'on. as well as the physical and chemi- 
cal properties of the protecting group itself. Preferred pro- 55 
tecting groups are removed at a faster rate and with a lower 
intensity of radiation. Fox example, at a given set of 
conditions, MeNVOC and MeNPOC are photolytically 
removed from the N-terminus of a pejxide chain faster than 
their unsubstituted parent compounds, NVOC and NFOC, 60 
respectively. 

Removal of the protecting group is accomplished by 
irradiation to liberate the reactive group and aggradation 
products derived from the protecting group. Not wishing to 
be bound by theory, it is believed that irradiation of an 65 
NVOC- and MeNVOC-protected oligomers occurs by the 
following reaction schemes: 



NVOC-AA^3,4-dmemoxy-6-nitrosobenzaldehyde+ 
CCX+AA 

MeNVOC-AA^3.4Httmemoxy-6^nitrosoac« 
COj+AA 

where AA represents the N-terminus of the amino acid 
oligomer. 

Along with the unprotected amino acid, other products are 
liberated into solution: carbon dioxide and a 23-dimethoxy- 
o-mtrosopheaylcarbonyl compound, which can react with 
nudeophilic portions of the oligomer to form unwanted 
secondary reactions. In the case of an NVOC-protected 
amino acid, the degradation product is a 
nitrosobenzaldehyde. while the degradation product fox the 
other is a mtrosophenyl ketone. For instance, it is believed 
that the product aldehyde from NVOC degradation reacts 
with free amines to form a Schiff base (imine) that affects the 
remaining polymer synthesis. Pref er red photoremovabie 
protecting groups react slowly or reversibly with the oligo- 
mer on the support. 

Again not wishing to be bound by theory, it is believed 
that the product ketone from irradiation of a MeNVOC- 
protected oligomer react* at a slower rate with oucleophiles 
on the oligomer than the product aldehyde from irradiation 
of the same NVOC-protected oligomer. Although not unam- 
biguously determined, it is believed that this difference in 
reaction rate is due to the difference in general reactivity 
between aldehyde and ketooes towards nucleophiles due to. 
steric and electronic effects. 

The photoremovabie protecting groups of the p r esen t 
invention are readfly removed. For example, the photolysis 
of N-protected L-pfaenylalanine in solution and having dif- 
ferent photoremovabie protecting groups was analyzed, and 
the results are presented in the following table: 

TABLE 

PbototTM of Procected L~Pbc — OH 

tuk 

Sotrets 



NBOC NVOC MeNVOC MeNPOC 



5 mM HjSOJtHaxmc 



1288 

1575 



110 
98 



24 

33 



19 
22 



The half life, tl/2, is the time in seconds required to 
remove 50% of the starting amount of protecting group. 
NBOC is the 6-nitroben2yloxycarbonyl group, NVOC is the 
o-miroveranylaxycarbonyl group, MeNVOC is the methyl- 
6-nitroveratryioxycarbonyl group, and MeNPOC is the 
methyl-o^nitropiperonyloxycaTbooyl group. The photolysis 
was carried out in the indicated solvent with 362/364 
nm-wavelength irradiation having an intensity of 10 
mW/cm 3 , and the concentration of each protected phenyla- 
lanine was 0.10 mM. 

The table shows that deprotection of NVOC-, MeNVOC-, 
and MeNPOC-protected phenylalanine proceeded faster 
than the deprotection of NBOC Furthermore, it shows that 
the deprotection of the two derivatives that are substituted 
on the benzyhc carbon. MeNVOC and MeNPOC were 
pbotolyzed at the highest rates in both dioxane and acidified 
dioxane. 

1. Use of Photoremovabie Groups During Solid-Phase 
Synthesis of Peptides 

The formation of peptides on a solid-phase support 
requires the stepwise attachment of an amino acid to a 
substrate-bound growing chain. In order to prevent 
unwanted polymerization of the monomeric amino acid 
under the reaction conditions, protection, of the amino ter- 
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minus of the amino acid is required. After the monomer is 
coupled to me end of the peptide, the N^erminal protecting 
group is removed, and another amino acid is coupled to the 
chain. This cycle of coupling and (^protecting is continued 
for each amino acid in tbe peptide sequence. See Memfield. 5 
7. Am. Chtm. Soc. (1963) 83:2149. and Atherton et aL, 
"Solid Phase Peptide Synthesis" 1989. IRL Press. London, 
both incorporated herein by reference for all purposes. As 

described above, the use of a pbotoremovable protecting wbat B is the base attached to tbe sugar ring; R is a 
group allows removal of selected portions of the substrate 10 hydrogen atom when the sugar is oeoxyribose or R is a 
surface, via patterned irradiation, during the deprotection *y*™y| ^«xp when the sugar is ribose; P represents an 
cycle of the solid phase synthesis. This selective* allows ac£ivatcd l**"*™* group: and X is a pbotoremovable 
7 ZT , t \xT \ v . 1 xactuycijr *uow* protecting group. The pbotoremovable protecting group. X. 

spaoal conm.1 of the synthesis-tbe next amino aad is £ nv, NP, PyR. MeNV. MdS^trilto as 

coupled only to the irradiated areas. l3 described above. The activated phosphorous group. P. is 

In one embodiment, the photoremovable protecting preferably a reactive derivative having a high coupling 
groups of the present invention are attached to an activated efficiency, such as a phosphate -tri ester, phosphoramidite or 
ester of an amino acid at the amino terminus: toe like. Other activated pbospborous derivatives, as well as 

reaction conditions, are well known (See Gait). 
Y KH— x ao E- Amino Acid N-Carbcxy Anhydrides Protected With a 

Y Photoremovable Group 

r IXiring Merrineld peptide synthesis, an activated ester of 

one amino acid is coupled with the free amino terminus of 
a substrate-bound oligomer Activated esters of amino acids 
where R is the side chain of a natural or unnatural amino suitable for the sottd phase synthesis include halo-formate, 
acid, X is a photoremovable protecting group, and Y is an 23 mixed anhydride, imidazoyi formate, acyl halide, and also 
activated carboxylic add derivative. The photoremovable includes formation of the activated ester in situ and the use 
protecting group. X, is preferably NVOC NPOC PyROC of common reagents such as DCC and the like (See Atherton 
MeNVOC MeNPOC and the like as discussed above. The et aL). A preferred protected anact activated amino acid has 
activated ester, Y. is preferably a reactive derivative having ^ the general formula: 
a high coupling efficiency, such as an acyl halide. mixed 
anhydride, N-hydroxysuccinimide ester, pcrfluoropoenyi 
ester, or urethane protected acid, and the like. Other acti- 
vated esters and reaction conditions are well known (See 
Atherton et al.). 35 xo « , 

2. Use of Photoremovable Groups During Solid-Phase |j v \ 

Synthesis of Oligonucleotides ° o 

Tbe formation of oligonucleotides on a solid-phase sup- 
port requires tbe stepwise attachment of a nucleotide to a where R is the side chain of the amino acid and X is a 
substrate -bound growing oligomer. In order to prevent 40 photoremovable protecting group. This compound is a 
unwanted polymerization of the monomelic nucleotide urethane-protected amino acid having a photoremovable 
under the reaction conditions, protection of the 5*-hydroxyl protecting group attach to the amine. A more preferred 
group of the nucleotide is required. After the monomer is activated amino acid is fanned when the photoremovable 
coupled to the end of the oligomer, tbe ^-hydroxyl protect- 43 P"*"*" 1 * W *a* *e general formula: 
ing group is removed, and another nucleotide is coupled to * RJ 

the chain. This cycle of coupling and deprotecting is con- i i 

tinucd for each nuclcoridff in the oligomer sequence. See ^^V^^r^^V* 
Gait, Oligonucleotide Synthesis: A Practical Approach" TC)T 
1984. IRL Press, London, ucorporated herein by reference 30 a*^^^^** 
for all purposes. As described above, the use of a photore- |^ 
movable protecting group allows removal, via patterned R1 
irradiation, of selected portions of tbe substrate surface 

during tbe deprotection cyde of the solid phase synthesis. where R 1 , R 3 , R 3 , and R 4 independently are a hydrogen 
This selectively allows spatial control of the synthesis-tbe « atom, a lower alkyU aryl. benzyl, halogen, hydroxy!, 
nrr t nucleotide is coupled only to the irradiated areas. aDoaxyi. thiol, tmoether, amino, nitro, carboxyL formate. 

Oligonucleotide synthesis generally involves coupling an f 0 ™^^ °L^^i^^ Z . adj *f at subs£toeatt 
activated phosphorous derivative on the 3'-hydroxyl group R * . R -* . R -R") " substituted oxygen aoyps 

. nnH^YrirJ nn>K rt^ v k^w^i „ tw , «i:™Jr 1041 together form a cyclic acctal or ketal; and R is a 
of a nudeoade with the 5 .hydroxyl group of an oligomer fc £ ^ hydrogen halo, aryL or 

bound to a solid support. Two major chemical methods exist aaa*^ «*.yi. nyarugcn, 0*10, aryi, or 

to perform this coupling: the r*o^-triester and phos- A ^£ activated amino acid is formed when tbe 
phoramtdite methods (See Gait). Protectmg groups of the pho toremovable protecting group is 
raxsent invention are suitable for use in either method. 6-nitrcveratrylcaycarbonyL That is, R 1 and R* are each a 

In a preferred embodiment, a photoremovable protecting 65 hydrogen atom. R 3 aad R 3 are each a methoxy group, and 
group is attached to an activated nudeotide on the R 3 is a hydrogen atom. Another pa ef c u e d activated amino 
5*-fcydroxyl group: add is formed when the photoremovable group is 
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6-nitropipexooyi: R 1 and R* arc each a hydrogen atom. R 2 
and R together form a methylene acetaL and R 3 is a 
hydrogen atom. Other protecting groups are possible. 
Another preferred activated ester is formed when the pho- 
toremovable group is methyl-6-nitrovcratryl or methyl-6- 3 
mtropiperonyl. 

Another preferred activated amino acid is formed when 
the photorempvable protecting group has the general for- 
mula: 

10 



15 



20 

where R\ R 3 , and R 3 independently are a hydrogen atom, a 
Iowa alkyL aryL benzyl, halogen, hydroxys alkoxyL thiol, 
thioether, amino, nitro, carboxyL formate, formanrido. 
sulfanarts. sulfide or phospcidb group, and R 4 and R 3 ^ 
independently are a hydrogen atom, an alkoxy. alkyi, halo, 
aryL hydrogen, or afleenyl group. The resulting compound is 
a tn-emane-protected amino acid having a pyrenyimetfay- 
loxycarbonyl protecting group attached to the amine. A more 
preferred embodiment is formed when R 1 through R 3 are ^ 
each a hydrogen atom. 

The urethane-protected amino adds having a photore- 
movable protecting group of the present invention are pre- 
pared by condensation of an N-protected amino acid with an 
acylating agent such as an acyl hatide* anhydride, chloro- 33 
farmate and the like (See Fuller et aL. US. Pat. No. 
4,946542 and Fuller et at, 7. Amer. Chan. Soc. (1990) 
112:7414-7416, both herein incorporated by reference for 
all purposes). 

Urethane-protected amino acids having photorcmovable ^ 
protecting groups are generally useful as reagents during 
solid-phase peptide synthesis, and because of the spatially 
selectivity possible with the photoremovable protecting 
group, are especially useful for the spatially addressable 
peptide synthesis. These amino acids are difunctional: the ^ 
ur ethane group first serves to activate the carbcory terminus 
far reaction with the amine bound to the surface and, once 
the peptide bond is formed, the photoremovable protecting 
group protects the newly formed amino terminus from 
further reaction. These amino acids are also highly reactive x 
to nudeophiles, such as deprotected • m *~» < on the surface 
of the solid support, and due to this high reactivity, the 
solid-phase peptide coupling times are significantly reduced, 
and yields are typically higher. 

IV. Data Collection 53 
A. Data Collection System 

Substrates prepared in accordance with the above descrip- 
tion are used in one embodiment to determine which of the 
plurality of sequences thereon bind to a receptor of interest 
FIG. 11 illustrates one embodiment of a device used to 60 
detect regions of a substrate which contain flourescent 
markers. This device would be used, for example, to detect 
the presence or absence of a labeled receptor such as an 
antibody which has bound to a synthesized polymer on a 
substrate. 65 

Light is directed at the substrate from a light source 1002 
such as a laser light source of the type well known to those 



of trill in the art such as a m odel no. 2025 made by Spectra 
Physics. light from the source is directed at a lens 1004 
which is preferably a cylindrical lens of the type well known 
to those of skill in the art. The resulting output from the lens 
1QG4 is a linear beam rather than a spot of light, resultiagin 
the capability to detect data substantially simultaneously 
along a linear array of pixels rather than on a ptxel-by-pnel 
basis. It will be understood that a cylindrical lens is used 
herein as an illustration of one technique for generating a 
linear beam of light on a surface, but that other techniques 
could also be utilized. 

The beam from the cylindrical lens is passed through a 
dichroic mirror or prism (10*6) and directed at the surface 
of the suitably prepared substrate 1008. Substrate 1008 is 
placed on an x-y translation stage 1009 such as a model do. 
FM50O-8 made by Newport light at certain locations on the 
substrate will be fluoresced and transmitted along the path 
indicated by dashed lines back through the dichroic mirror, 
and focused with a suitable lens 1010 such as an f/1.4 
camera lens on a linear detector 1012 via a variable f stop 
focusing lens 1014. Through use of a linear light beam, it 
becomes possible to generate data over a line of pixels (such 
as about 1 cm) along the substrate, rather than from indi- 
vidual points on the substrate. In alternative eznbodimetits. 
light is dir e c ted at a 2-diznensional area of the substrate and 
fluoresced light detected by a 2-dxmensional CCD array. 
Linear detection is preferred because substantially higher 
power dmsirin are obtained. 

Detector 1012 detects the amount of light fluoresced from 
the substrate as a function of position. According to one 
embodiment the detector is a linear CCD array of the type 
commonly known to those of akin in the art The x-y 
translation stage, the light source, and the detector 1012 are 
all operabty connected to a computer 1016 such as an IBM 
PC-XT or equivalent for control of the device and data 
collection from the CCD array. 

In operation, the substrate is appropriately positioned by 
the translation stage. The light source is men iiw™»hM 
and intensity data are gathered with the computer via the 
detector. 

FIG. 12 illustrates the architecture of the data collection 
system ia greater detail. Operation of the system occurs 
under the direction of the photon counting piugiam 1102 
(photon), inrhvtrd herewith as Appendix B. The user inputs 
the scan dimensions, the number of p**)« or data points in 
a region, and the scan s p ee d to the counting program. Via a 
GP1B bus 1104 the program (in an IBM PC compatible 
computer, for example) interfaces with a ™trirh™wd scaler 
1106 such as a Stanford Research SR 430 and an x-y stage 
controller 1108 such as a PM50Q. The signal from the light 
from the fluorescing substrate enters a photon counter 1110. 
providing output to the scaler 1106. Data are output from the 
scaler indicative of the number of counts in a given region. 
After a selected area, the stage controller is acti- 

vated with commands for acceleration and velocity, which in 
turn drives the scan stage 1112 such as a PM500-A to 
another region. 

Data are collected in an image data file 1114 and pro- 
cessed in a scaling program 1116, also included in Appendix 
B. A scaled image is output for display on. for example, a 
VGA display 1118. The image is scaled based on an input of 
the percentage of pixels to dip and the mfiH i pti^n and 
maximum pixel levels to be viewed The system outputs for 
use the min and max pixel levels in the raw data. 
B. Data Analysis 

The output from the data collection system is an array of 
data indicative of fluorescent intensity versus location on the 
substrate. The data are typically taken over regions substan- 
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tUlly tmaUer than the area in which synthesis of a given At step 1312 the system (hen integrates the data within the 
polymer has takes place. Merely by way of example, if bandwidth fa each of the selected cells, sorts the data at step 

polymers were synthesized in squares oo the substrate 1314 using the synthesis procedure file, and displays the data 

having dimensions of 500 microtis by 500 microns, the data <° a user on. for example, a video display or a printer, 

may be taken over regions having dimensions of 5 microns 5 

by 5 microns. In most r aefeu e d embodiments, the regions V. Representative Application 

over which flourescence data are taken across the substrate A. Oligonucleotide Synthesis 

are less than about the area of the regions in which The generality of light directed spatially addressable 

individual polymers ire synthesized, preferably less than V:o parallel chemical synthesis is demonstrated by application to 

the area in which a single polymer is synthesized, and most io nucleic acid synthesis, 

preferably less than Via the area in which a single polymer 1* Example 

is synthesized. Hence, within any area in which a given Light activated formation of a thymidinecytidiiie dimer 

polymer has been synthesized, a large number of fluares- wt4 carried out A three dimensional representation of a 

cence data points are collected. fluorescence scan showing a checxrrboard pattern generated 

A plot of number of pixels versus intensity for a scan of u ^ the li^it-directed syndesis of a dinudeotide is shewn in 

a cell when it has been^tposed to. for example, a labeled HG * ^5^vcratryl thymidine was attached to a synthe- 

antibody will typically take the form ofTben curve, but 515 substrate through the 3* hydroxy! The mtroveratryl 

spurious data are observed, particularly at higher intensities. ^^J^ w ^ rcm °X? 1 by fflununanon through a 

Since it is desirable to use anTverage efflorescent intensity 500 n^eckerboard rr^The substrate was men treated 

over a given synthesis region in ovSnriimng relative binding M with phospfaoramidite activated r-o^cytidine. In order to 

affii^, these spurious data wflte^^ ^J^JZ^l A°<*^calryjhe deaxyqmchne had 

' been modified wrrh an FMOC protected aminohexyl linker 

Accordingly, in one aimodunest of the invention the data * ttacbcd to cxocvdic **** (y^WimetrKDcytriryl^N- 

are corrected for removal of these spurious data points, and (6-N-fla o«nylme^ 

an average of the data points is thereafter utOizedin deter- deoxycytidme). After removal of the FMOC protecting 

mining relative binding efficiency 25 S* 00 ? basc " r^ 004 which contained the dinucle- 

FKj. 13 illustrates one er^xxhment of a system for w « f^^.^J^, 1 * trc * mcnt rf sob ' 

nm^al of spurious daufromtset of floc^e^ sti^ wim 1 inM FITC m DMF f or o« dot. 

as data used in affinity screening studies. A user or the three-dimensional representation of the fluor escent 

rystem inputs data relating to the chip location and cell intensity data in FIG. 14 dearly reproduces the checkcr- 

corsen at step 1302. From this information and the image 30 ooard fllnraination pattern used daring photolysis of the 

file, the system creates a computer representation of a substrate. This result demonstrates that oligonucleotides as 

histogram at step 13*4. the histogram (at least im the form of wcD 15 peptide* cm be synthesized by the ugM-directed 

a oompmrr file) plotting number of data pixels versus method, 
intensity. 

For each celL a main data analysis loop is then performed. 15 VI Conclusion 

For each cell, at step 13#6, the system calnilaln the total _ . _ . mj ^ . ^ 

intensity or numbe/of pixels for (he bandwidth centered . mvenaonshe™ rxovide a new approach for the 

around varying intensity levels. For example, as shown in simultaneous synthesis of a Urge number of compounds, 

the plot to the right of step 13*. theorem calculates the P= f^f^f" 1 * WHcd^enever one has chemical 

number of pixels wimin me band of width w. The system biding blocks Oiat can be coopled in a solid^faase format, 

then -moves" this bandwidth to a higher center intensity, and "d when light can be used to generate a reactive group, 

again culralaTr* the number of pixels in the bandwidth. This The above description is illustrative and not restrictive. 

p toc es s is repeated until the entire raoge of intensities has Many variations of the invention will become apparent to 

bees vinnrd, and at step 13*8 the system determines which those of skill in the art upon review of this disclosure, 

band has the highest total number of pixels. The data within Merely by way of example, while the invention is illustrated 

this bandwidth are used for further analysis. Assuming the 43 primarily with regard to peptide and nucleotide synthesis, 

bandwidth is selected to be reasonably smalt this procedure the invention is not so lrrnftfri The scope of the invention 

will have the effect of *itmim*iwg spurious data located at should, therefore, be determined not with r efer e nce to the 

the higher intensity levels. The system then repeats at step above description, but instead should be determined with 

1310 if all cells have been evaluated, or repeats for the next reference to the appended claims along with their full scope 

cell. of equivalents. 
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< 2 ) PCt S8Q ID NOtl: 

( i )SB3pE>«CZCHAAXClZaXrnCS: 
( A yiEtm&iammoaak 

( C ) TBLAWDHXESS; 
( D ) TOPOLOGY Imb 
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-continued 



( i i ) MOLBCULE TTK: papods 

( i i ) sbqpbnce cesaupnoK: sbq id ho-.u 

Tyt Ol 7 Olj ?b< Lev 

1 3 

( 2 ) INFORMATION FOR SBQ DO NO* 

( i )SBQUE24CECBARACrBtI5t2CS: 
( A ) LENGTH; 5 nao m^s 
( B ) TTPE; tamo mad 
( C ) SntANDCDNESS: M(k 
( D )T0P0LOOTft fiour 

{ i t ) MCLBCGLB TXP& p^xkfc 

( i i ) SBQUENGB DESCUPHON: SBQ ID ND3: 

Pro O t 7 O 1 y P b • L • o 

1 3 

( 2 ) INFORMATION FOR SBQ ID N03: 

( i )S&qUEKX CHARACTERISTICS: 
( A ) L0M7ZB: 5 msuo aeid« 
( B ) TTPE: aoiao acid 
( C ) STRANDEDNESS: sa^e 
( D )VDPOLXXTTtbmm 

( i t ) Mnum.P TTTfe p^aA 

< i i ) S&QCENCB DESCR7TJON: SBQ ID NOJ: 

T 7 r O 1 T Ati Ol r Pi • 

I 3 

( 2 > ^FORMATION TOR SBQ H> NO:*: 

( i )S8qUEN 

( A ) LENCTTB: 6 ■ 
( B )TTFE: floaoi 
( C ) STRANDEDH 
( D )T0r0L0OT:I 



( i i )MCCBCULE1 
( x i ) SEQUENCE DESOUPIICN: SBQ ID NO* 



Tyt Ql j At* Pki L • * 3 • r 

1 5 



( 2 ) INFORMATION FOR SBQ ID NCt5: 
( i ) 



( A )l 

( B )TTPEii 
( C )fl 
< D )TC#CU»Tlli 



( x i ) SBQUBNCZ UgJL-HPUON: 3BQ ID N03: 

T y i O I y Ala Pb • S«r 

1 5 



( 2 ) INFORMATION PGR SBQ ID NOA 

( i ) 



( A )1 

( B )TCnit 
( D )TOPOL0t7tt E 
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-continued 

< i i ) MTM.flnn TTPE: pyade 

(xi ) SBQUENCE DESOUPDOK: SBQ ID NOA 

T y r O I y Ala Phe L • u 

1 3 



( 2 ) INFORMATION FOR SEQ ID NOi7: 

( i ) 3BQUEKX CHARACTERISTICS: 
( A ) LENGTH: 6 makm td&t 
( B )TTTE:«««o*ad 
( C ) STRANDEDNESS: aytt 
(D jTOFOLOOT&W 

( i i ) MOLECULE TYPE: tMpbfe 

( i i ) SEQUENCE DESCRIPTION: SBQ tt> Kh7: 

T y t 01 T Ol 7 Pi i L«o 3 • f 

1 3 



( 3 JTOCRHATJCWPCRSEQIDNO*: 

( i ) SSQjUEhCE CHARACTERISTICS: 
( A ) LH*TIH: * mmm> mad* 
( B )TTKimwimo wad 
( C ) JTRANDEDNE33:— 
( D )TCfOCjOOT: Sac 

( 1 t ) MOLBCIU TTTE: p^di 

( x I ) SBQCENCE npyitrfDON: SBQ ID NO* 

T 7 r O 1 7 Ala Pifl 



( 3 ) INKlLMAnCN PCR SBQ ID NO* 

( i ) 3BQUO*C£ CHARACTERISTICS: 
( A ) LENGTH: 3 Midi 
<»>! 
(C)3 
( D )TOFOLOOT: Sa«r 

( i i ) MGLBCULE TYPC: papofa 

( x i ) S8QU»OI DESCRIPTION: SBQ ID HO* 

T 7 I Ol 7 A 1 * L • ■ 3 • r 

1 3 



( 2 ) nmOmMJOVOH FOR SBQ ID HOttO: 

( i )SE«JUENCB CHARACTERISTICS: 
( A )LB*OTB: 3 MBwam* 

<C)3 



{ I i ) MOLBCULB TYFB: papyb 

( x i ) J BqC3P* aDB3UUPlKJ M;SaQP>OW: 



T 7 r O 1 7 Oly P ■ • 3 • r 

t 3 



( 2 ) wrcmuxnoH rem. ssq id nosu: 

< i )5SQUEN 

< A )LENOTH:*« 

( C )STJtAMDEDN 
( D ) TOPOLOGY: J 
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-continued 



( i i ) MOLECULE TT?fcpnX«4o 

( z i ) SWENCE DESCRIPTION: SBQ ID NO:U: 

T y r 01 7 Alt L*a 

I 

( 2 ) INFORMATION FOR SBQ CD NO; 12: 

( i ) SEQUENCE CHAJIACXERISI1CS: 
( A ) LENGTH; 6 *id, 
( B )TYPE: abo tad 
, ( C ) 5IRANDEDNBSS: awk 
( D ) TOPOLOOT. hmar 

( i t ) MOLECULE TTFE:p*jttfc 

( z i ) SEQUENCE DESCRT7DON: SEQ ID NO: 12: 

T y f O 1 j Ala P a • L • o Pa • 

( 2 > INFORMATION FOR S8Q ID NO: 13: 

< i ) 380JOENCB CBAKACTCBUnCS: 
( A ) LENGTH: 5 nbo acad* 
( B JTYPE: mxmao tad 
( C ) SDtANSEDttESS: wm& 
( D ) TOPOLOOT: bacar 

( i i )MCCBCiajETTPE:p^bii 

{ x i ) SBQCENCZ DESCRIPTION: SBQ CD NOtO: 

Tyr Oly Alt P a • fbi 

1. 5 

{ 2 ) ENFORMXnOK FOR SBQ CD NOtM: 

( t ) SBQCENCB CHARACTERISTICS: 
( A ) LENGTH: 3 mm adds 
( B ) TYPE: abo nd 

( c ) sxxAtoectess: m«m> 

( D ) TOPOLOOT: fioMt 

( i i ) MOLECULE TTTC: p^tkfa 

( I i ) SEQUENCE DESCRIPTION: SSQ ID NOU4: 

Tyr Oly Oly L • a S • r 
1 S 

( 2 ) INFORMATION FOR SBQ ID N0?13: 

( i ) sequence chammtbzstks: 

< A ) LENGTH; 5 aaaae wad* 
( B )TTT&aaaaoaad 

< C ) 3TRANDEDNES3: Mjb 
( D ) TOPOLOOT. l>Mr 



( i s ) MOLECULE 1 
( x i > mOCENCfl D83OEPTJ0N; SSQ ID NO: 13: 

Tyr Oly Oly Pb« L« * 

1 3 

< 2 ) INFORMATION FOR SSQ ID NO:!* 



( i )SBQ08NCBCBARACn3a5IZC3: 
( A ) LENGTH: 6 hbko tad* 
( B )TTTE: mhm aai 
( C ) STXANDGDNOS: aa# 
( D ) TOPOLOOT: Bant 
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( i i ) MDLBCU-E TT7E: p^jodi 

( x i ) saocENce description: sbq id no-.i6: 

T 7 t Oly All P b • 5 • r Pb • 

1 3 

{ 3 ) INFORMATION FOR SSQ ID NO-J7: 

( i ) 5BQUENCE CHARACTERISTICS: 
( A ) LENGTH: 7 mmao addi 
( B )T7PE: «a™o«ad 
( C ) STRANDEDNESS: aa«W 
( D ) TOPOLOGY: Sw 

< i i )MOLB^LETYFE: r -p*J« 

(z i ) S8QCEHCE 0CSC3UPO0N: SBQ ID NCnI7: 

Tyr OlT Ala Pa* La« Sar Pal 

1 5 



( 2 ) INFORMATION FOR SSQ ZD NOtti: 

( i ) SBQUENCE CHARACTSXtSTICS: 
( A ) LENGTH: 6 anas nk 
( B )TTR:an>Kid 
( C ) STRANDEDNESS: aiaafc 
( D ) TOPOLOGY: aaaar 



(ii)» 

( x 1 ) SB0UENCE DESCRIPTION: SBQ tD NOtlt: 

Tjf O I 7 Ala Pk a Mat Ola 

1. '3 

( 2 ) INFORMATION FOR SBQ ID HO;t9: 

( i ) SBQJUENCE CHARACTERISTICS: 
( A ) LENGTH: 3 aaaao aadi 
{ B )TYFE:aan>aai 
( C ) 3TRANDBDNBSS: aa#> 
( D ) TOPOLOGY: Kaaar 

( i i ) MOLECULE TYPE: | i|ri 1 

( x 1 ) SBQUa*CE DBSCRimaN; SBQ ID NO:l*: 

T J r O 1 7 Ala P a a Mat 

I 3 



( 2 ) INFORMATION FOR SBQ ZD NOOD: 

( i )SBqUENC£ CHARACTERISTICS: 
( A ) LENGTH: 3 aaaao acid* 
( B ) TYPE: aaaan add 
< C ) 5TRANDEDNBSS: akaja 
( D ) TOPOLOGY: Baaar 

( t 1 ) MOLBCULE TYPE: paptatJ 

( x i )SBCJJENCEDB3CMPI10RSBQIDNa» 

T71 01 7 Ala Pba Ola 

1 3 



( 2 ) INFORMATION FOR SBQ ZD NO£l: 

( i )SB0JX9ICB CHARACTERISTICS: 
( A ) LENOTH: 5 aaaao aak 
( B ) TYPE: ' 1 
( C ) STRANDEDNESS: aaaja 
< D ) TOPOLOGY: Baaar 



